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We are interested in the development of highly efficient leaving groups containing chelating units capable of attracting incoming nucleophiles. We envision that electrophiles containing sulfonate leaving groups could be rendered more reactive by modifying them to contain a metal-chelating moiety. 1 In this chelated form, the nucleophilic portion of a salt or Lewis acid is localized near the electrophilic center, thus decreasing the entropic barrier relative to intermolecular reactions. The chelated metal would also be expected to stabilize the developing negative charge on the oxygens of the sulfonate leaving group in the transition state. 2 We have recently demonstrated that metal halides react at greatly accelerated rates with arylsulfonate-based nucleophile assisting leaving groups (NALGs) that contain a polyether unit (including macrocyclic) attached to the aryl ring ortho to the sulfonate. 3 In an attempt to further explore the generality of the NALG technology, we discovered a highly efficient method to convert NALG sulfonates of hindered alcohols to the corresponding chlorides using TiCl 4 at low temperatures.
While a related chlorination procedure with alkyl tosylates has been reported, 4 in this paper, we demonstrate, for the first time, the stereospecificity and utility of the sulfonate/TiCl 4 technique in the synthesis of a variety of alkyl chlorides. 5 A series of alcohols were reacted with aryl sulfonyl chlorides containing a diethylene glycol moiety to give sulfonate esters 1 (Table 1 ). In general, the treatment of sulfonate esters 1 with TiCl 4 in methylene chloride at -78°C led to high yields of the corresponding alkyl chlorides. In each case, the reaction was complete in less than 2 min. With 1,3-diphenyl-2-propanol, we have observed that its NALG and tosyl esters primarily give the elimination product in the presence of metal chloride agents. 6 To our knowledge, this chloride has only been prepared by radical chlorodecarboxylative methods. 7 However, upon treatment of the NALG ester with TiCl 4 , the respective chloride was obtained exclusively in 91% yield (entry 1). With sulfonates of chiral secondary alcohols (Table 1 , entries 2-4), the chloride products were obtained as single diastereomers with complete retention of configuration. 8 Thus, the NALG sulfonates of highly hindered menthol and isomenthol were both converted to the corresponding chlorides of the same configuration in excellent yields by exposure to TiCl 4 for 2 min. Similarly, the NALG sulfonate of cholesterol (entry 4) was converted to the corresponding chloride almost instantaneously at -78°C. Proton NMR confirms the formation of one stereoisomer with retention of configuration.
In the 2-adamantyl system, we observed a 90% conversion to the chloride with no side product arising from rearrangement of the adamantine nucleus (entry 5). 9 Backside nucleophilic displacement of 2-adamantyl sulfonate is essentially precluded due to steric crowding; 10 thus, the chlorination reaction likely proceeds via a front-side S N i-type mechanism. While reactions involving the S N i mechanism are generally mediated by fourcentered cyclic transition states, 11, 12 the chlorination of the various sulfonate substrates in Table 1 is one of the first examples of an S N i transition state stabilized by intramolecular chelation which may account for the very rapid conversion rates. 3 Neopentyl NALG substrates also reacted very rapidly with TiCl 4 leading to the rearrangement products (Scheme 1).
In conclusion, we believe that the method described in this note offers an important alternative to existing techniques for the synthesis of secondary alkyl chlorides with retention of configuration.
Experimental Section
Representative Procedure: Preparation of 1,3-Diphenylpropyl 2-(2,5-Dioxoheptylcarboxy)-1-benzosulfonate and Conversion to 2-Chloro-1,3-diphenylpropane (Table 1, Entry 1).
Step 1: A mixture of o-sulfobenzoic acid anhydride (1.23 g, 6.6 mmol) and phosphorus pentachloride (3.68 g, 13.2 mmol) was heated at 90°C for 6 h. The oil was allowed to cool, dissolved in ether, and rinsed with ice-water to remove unreacted phosphorus pentachloride. The solvent was evaporated in vacuo leaving 2.1 g of crude oil. The crude oil (1.5 g, 6.2 mmol) was then dissolved in excess methoxyethoxyethanol (2.4 g, 20 mmol) and heated to 60°C for 20 h. The reaction mixture was purified by flash chromatography by eluting with a hexane/acetone (10% v/v) to yield 2,5-dioxoheptyl 2-(chlorosulfonyl)benzoate (1.9 g, 95%): IR ( Step 2: To a dichloromethane solution (50 mL) of 2,5-dioxoheptyl 2-(chlorosulfonyl)benzoate (2.0 g, 6.2 mmol) was added DMAP (0.9 g, 7.4 mmol) under argon. The reaction mixture was cooled to 0°C followed by the addition of 1,3-diphenyl-2-propanol (2.6 g, 12.4 mmol). The resulting mixture was warmed to room temperature and stirred for 15 h. The solvent was evaporated in vacuo, and the resulting crude oil was then purified by flash chromatography by eluting with hexane/acetone (30% v/v) to give 1,3-diphenylpropyl 2-(2,5-dioxoheptylcarboxy)- Step 3: To a dichloromethane solution (10 mL) of 1,3-diphenylpropyl 2-(2,5-dioxoheptylcarboxy)-1-benzosulfonate (200 mg, 0.46 mmol) cooled to -78°C was added TiCl 4 (100 mg, 0.91 mmol). The resulting mixture was stirred for 1 min, quenched with water (50 mL), and diluted with additional dichloromethane (50 mL). The organic phase was collected and passed through a silica gel plug followed by solvent evaporation in vacuo to give pure 2-chloro-1,3-diphenylpropane (98 mg, 0.42 mmol, 91%).
